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DESCRIPTION 



Fuel Injection Valve of Diesel Engine 

5 Technical Field 

The present invention relates to a fuel injection 
valve of a diesel engine in which a shallow dish type 
combustion chamber is formed by a top face of a piston 
thereof. 

10 Background Art 

In a conventional diesel engine in which a 
shallow dish type combustion chamber is formed by a top 
face of a piston thereof, a method of enlarging a diameter 
of a nozzle hole for injecting fuel thereinto has been 

15 generally adopted, in order to reduce the fuel consumption. 

If the diameter of the nozzle hole is enlarged, the 
atomization of the fuel spray is deteriorated and the color 
of the exhaust gas is worsened. 

As its countermeasure, it is conceivable to make 

20 the nozzle hole diameter smaller and to increase the number 
of the nozzle holes. With the structure, however, the 
distance between the nozzle holes becomes smaller, and the 
fuel sprays tend to cross (or overlap) one another. As a 
result, the amount of air to be introduced thereinto 

25 becomes short. If the pressure of the air supply is 



heightened to compensate the shortage of the air amount, 
the gas pressure inside the cylinder is increased • As a 
result, the amount of NOx generated therein increases. If 
the timing of injecting the fuel is delayed in order to 
5 avoid the increase of the NOx, the worsening of color of 
the exhaust gas is incurred, as a result. 
Disclosure of Invention 

(Technical Object to Be Achieved by Invention) 

The technical object to be achieved by the 

10 present invention is to provide a fuel injection valve of a 
diesel engine where a shallow dish type combustion chamber 
is formed by a top face of a piston thereof, in which the 
increase of NOx generated therein is restrained, and in 
which the fuel consumption is improved without worsening 

15 the color of the exhaust gas. 

(Means to Achieve the Technical Object) 

In order to achieve the technical object, in a 
diesel engine having a combustion chamber which is in a 
form of a shallow dish on a top face of a piston, the fuel 

20 injection valve comprising: a plurality of first nozzle 
. holes provided on a same circumference of a part, of the 
fuel injection valve, projecting toward the combustion 
chamber; and a plurality of second nozzle holes provided on 
a circular side wall, of the fuel injection valve, opposite 

25 to a tip part of the fuel injection valve with respect to 



the first nozzle holes, in which each of the second nozzle 
holes has a diameter smaller than a diameter of each of the 
first nozzle holes, wherein the first nozzle holes and the 
second nozzle holes are arranged in a staggered form so 
that fuel sprays injected from the first nozzle holes and 
fuel sprays injected from the second nozzle holes do not 
cross one another in the combustion chamber. 

According to the invention defined in claim 2, in 
the invention defined in claim 1, a top clearance for 
allowing a valve recess not to be formed and a bore 
diameter of the combustion chamber on the top face of the 
piston are set such that the fuel sprays injected from the 
second nozzle holes collide against an opening part of the 
combustion chamber on the top face of the piston when the 
piston is positioned near a top dead center. 

According to the invention defined in claim 3, in 
the invention defined in claim 1 or 2, the number of the 
first nozzle holes is larger than the number of the second 
nozzle holes. 

According to the invention defined in claim 4, in 
the invention defined in claim 1, a fuel valve nozzle hole 
angle of each of the second nozzle holes is set such that 
the fuel sprays injected from the second nozzle holes are 
diffused in a top clearance part after the fuel sprays 
collide against the piston. 
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According to the invention defined in claim 5, in 
the invention defined in claim 1, a nozzle hole angle of 
each of the first nozzle holes is set such that the fuel 
sprays injected from the first nozzle holes collide against 
5 a bottom surface of the combustion chamber and such that 
the fuel sprays injected therefrom do not adhere to the 
bottom surface thereof. 

According to the invention defined in claim 6, in 
the invention defined in claim 1, the first nozzle holes 
10 are equally spaced on the same circumference of the fuel 
injection valve, and the second nozzle holes are equally 
spaced on a same circumference of the fuel injection valve. 

According to the invention defined in claim 1, in 
the invention defined in claim 1, the first nozzle holes 
15 and the second nozzle holes are provided such that an 
intersecting point at which a center axis of the fuel 
injection valve and a centerline of a fuel spray injected 
from each of the first nozzle holes intersect to each other, 
does not coincide with an intersecting point at which the 
20 center axis of the fuel injection valve and a centerline of 
a fuel spray injected from each of the second nozzle holes 
intersect to each other, in order to prevent the fuel 
sprays injected from the first nozzle holes and the fuel 
sprays injected from the second nozzle holes, from crossing 
25 one another. 
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(Effect More Advantageous Than Prior Art) 

According to the invention defined in claim 1, in 
a diesel engine- having a combustion chamber which is in a 
form of a shallow dish on a top face of' a piston 14, the 
5 fuel injection valve 1 is provided with a lower nozzle hole 

2 (a first nozzle hole) and an upper nozzle hole 3 (a 
second nozzle hole) , the diameter of the upper nozzle hole 

3 is set to be smaller than that of the lower nozzle hole 2, 
and the lower nozzle holes 2 and the upper nozzle holes 3 

10 are arranged in a staggered form. Therefore, the fuel 
spray (s) 13 injected from the lower nozzle hole 2 and the 
fuel spray (s) 12 injected from the upper nozzle hole 3 do 
not cross (or overlap) one another. As a result, it is 
possible to form an air-fuel mixture gas with a uniform 

15 density inside the combustion chamber 16. Thereby, a 
uniform combustion is made therein, and the fuel 
consumption is reduced while the discharge of NOx is 
suppressed. 

According to the invention defined in claim 2, a 
20 top clearance (i.e. gap "X") is ensured. Thereby, an upper 
space inside the combustion chamber 36 can be employed 
effectually, and therefore the fuel consumption is reduced 
while the color of the exhaust gas is maintained in a good 
condition. Because the top clearance (i.e. gap "X") is 
25 secured beforehand, the increase in thermal loading of the 
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piston 29 is prevented. 

If the compression ratio is increased in order to 
increase the thermal efficiency thereof, the top clearance 
becomes smaller. As a result, there is a possibility that 
5 the opened exhaust valve and the piston may collide against 
each other. However, according to the invention defined in 
claim 2, the top clearance (i.e. gap "X") enough to make 
the valve recess unnecessary is secured. Therefore, the 
opened valve 26 (as well as the air intake valve 25 at time 

10 of overlap) can avoid a collision against the piston 29, 
while the fuel consumption is reduced and the exhaust color 
is kept in a good condition. 

According to the invention defined in claim 3, 
the number of the lower nozzle holes 2 (21) (i.e. first 

15 nozzle holes) is larger than the number of the upper nozzle 
holes 3 (22) (i.e. second nozzle holes) . Thereby, the fuel 
spray (s) 13 (27) injected therein from the lower nozzle 
hole 2 (21) and the fuel spray(s) 12 (28) injected therein 
from the upper nozzle hole 3 (22), do not cross (or 

20 overlap) one another, . and the lower sprays are collided 
therewith and diffused without adhering (or sticking) to 
the side wall of the combustion chamber. Therefore, the 
fuel can be mixed up with air uniformly, the fuel can 
combust uniformly therein, and the exhaust color is kept in 

25 a good condition. 



According to the invention defined in claim 4, 
the fuel sprays 28 at high temperature injected from the 
upper nozzle holes 22 are diffused in the top clearance 
part after the fuel sprays collide against the piston 29. 
Thereby, the thermal loading, of the cylinder head 33 and 
the cylinder liner 31 are reduced, thus enhancing the 
reliability thereof. 

According to the invention defined in claim 5, 
the fuel valve nozzle hole angle rs of each of the lower 
.nozzle holes 21 is set such that the fuel sprays 27 
injected from the lower nozzle holes 21 -collide against a 
bottom surface of the combustion chamber 3 6, such that the 
fuel sprays 27 injected therefrom do not adhere to the 
bottom surface thereof, and such that the fuel spray 27 can 
be diffused smoothly therein. Thereby, the color of the 
exhaust gas is kept in good condition, particularly at time 
of no-load operation with respect to all the regions of 
operation . 

According to the invention defined in claim 6, 
the upper nozzle holes 2 and the lower nozzle holes 3 are, 
respectively, provided at regular intervals (or even 
intervals) on the circumferences of the fuel injection 
valve 1. Thereby, the overlap (or crossing) of the fuel 
sprays to one another, is avoided, thus preventing the 
deterioration of the exhaust color. 



According to the invention defined in claim 7, 
the fuel injection valve 1 is provided with the lower 
nozzle holes 2 and the upper nozzle holes 3 such that an 
intersecting point at which a center axis 11 of the fuel 
injection valve 1 and a centerline 5 of a fuel spray 13 
injected from each of the lower nozzle holes 2 intersect to 
each other, does not coincide with an intersecting point at 
which the center axis 11 of the fuel injection valve 1 and 
a centerline 4 of a fuel spray 12 injected from each of the 
upper nozzle holes 3 intersect to each other. Thereby, the 
fuel spray 12 and the fuel spray 13 do no cross (or 
overlap) one another, and the color of the exhaust gas is 
kept in good condition. Also, it is easy to secure an 
interval (or gap) between the lower nozzle hole 2 and the 
upper nozzle hole 3, and it is possible to secure a 
respective wall thickness therebetween. Thereby, the 
reliability of the intensity of the fuel injection valve 1 
can be gained. 

Brief Description of Drawings 

FIG. 1 is a diagrammatic cross-sectional view of 
a fuel injection valve of a diesel engine into which the 
invention defined in claim 1 is embodied. 

FIG. 2 is a vertically cross-sectional front view 
showing a state in which a valve body of the fuel injection 
valve of the diesel engine of FIG. 1, contacts a valve seat. 
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FIG. 3 is a diagraimatically cross-sectional view 
of the fuel injection valve of the diesel engine into which 
the invention defined in claim 2 is embodied. 

FIG. 4 is an enlarged view of the fuel injection 

valve. 

FIG. 5 is. a diagrammatic bottom view of the fuel 
injection valve. 

FIG. 6 is a graph showing a relation between fuel 
consumption rate and amount of NOx emission, in each of the 
diesel engines according to the present invention and prior 
art . 

FIG. 7 is a graph showing a relation between fuel 
valve nozzle hole angle of a lower nozzle hole and the 
color of the exhaust gas. 

FIG. 8 is a graph showing a relation between a 
sum of areas of the lower nozzle holes with respect to the 
total area of nozzle holes and the color of the exhaust gas, 
and a relation between the sum thereof and the fuel 
consumption. 

Best Mode for Carrying Out the Invention 

FIG. 1 is a vertically cross-sectional front view 
of a fuel injection valve 1 of a diesel engine into which 
the invention defined in claim 1 is embodied, and FIG. 4 is 
an enlarged view of the fuel injection valve 1. As shown 
in FIG. 1, the fuel injection valve 1 is mounted on a 
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cylinder head 17, where the fuel injection valve 1 has a 
tip part which projects into a combustion chamber 16, in 
which the tip part has a plurality of. lower nozzle holes 2 
(i.e. first nozzle holes) and a plurality of upper nozzle 
5 holes 3 (i.e. second nozzle holes) . 

Inside a cavity of the fuel injection valve 1,. 
there is provided a valve body 6 . The valve body 6 can 
move up and down in a reciprocating manner inside the 
cavity thereof, by an unshown drive means such as a lift 

10 mechanism . making use of its fuel pressure, an 
electromagnetic valve, etc. Also, as shown in FIG. 4, fuel 
8 is supplied into the cavity of the fuel injection valve 1, 
with a pressure. When the valve body 6 moves away from a 
valve seat 7 formed in the fuel injection valve 1, the fuel 

15 is injected into the combustion chamber 16 through the 
lower nozzle holes 2 and the upper nozzle holes 3; and when 
the valve body 6 contacts with the valve seat 7, the 
injection of the fuel is stopped. Each of FIGS. 1 and 4 
shows a state in which the valve body 6 is away from the 

20 valve seat 7. 

FIG. 5 is a diagrammatic bottom view of the fuel 
injection valve 1. As shown in FIG. 5, in respect of the 
lower nozzle holes 2, eight lower nozzle holes 2 are 
equally spaced on the same circumference of a circle 

25 locating in vicinity of a lower tip of the fuel injection 
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valve 1 (i.e. in vicinity of a tip thereof on the side of 
the combustion chamber 16) , at an angle of R2 (R2==4 5° ) . 

Also/ in respect of the upper nozzle holes 3, 
four upper nozzle holes 3 are equally spaced above the 
5 lower nozzle holes 2 (i.e. on the side of the cylinder 
head), at an angle of R3 (R3=90'' ). As shown in FIG. 5, the 
upper nozzle hole 3 is arranged at a middle between two 
adjacent lower nozzle holes 2. Also, as shown in FIG. 5, 
the bore diameter of the upper nozzle hole 3 is set to be 

10 smaller than that of the lower nozzle hole 2. 

By the way, FIG. 1 (as well as FIG. 2 explained 
later) shows the lower nozzle holes 2 and the upper nozzle 
holes 3 in the same cross -section. ' This is, however, for 
convenience sake in the explanation of a positional 

15 relation between the lower nozzle holes 2 and the upper 
nozzle holes 3 . 

As shown in FIG. 1, a shallow dish type 
combustion chamber (i.e. a concave) is formed by a top 
surface (or a top face), of a piston 14, opposing a lower 

20 surface of the cylinder head 17. FIG. 2 is a vertically 
cross-sectional front view of the fuel injection valve 1 of 
the diesel engine, showing a state in which the valve body 
6 of the fuel injection valve 1 contacts with the valve 
seat 7. The shallow dish type combustion chamber is 

25 defined as a combustion chamber (i.e. a concave), the depth 
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(H) of which is about 10% of the bore diameter (D) of the 
combustion chamber 16. Particularly, according to the 
shallow dish type combustion chamber of the present 
invention, there is provided an elevation part 19 on a 
central part of the concave, as shown in FIG. 2. 

The height (h) of the elevation part 19 is 
slightly smaller than the depth (H) of the combustion 
chamber 16. If these are shown in relation to the bore 
diameter (D) of the combustion chamber, for example, 
H/D=0.11 and h/D=0.10. 

As shown in FIG. 4, an intersecting point 10 (or 
an extension center) at which a fuel spray centerline 5 of 
the lower nozzle hole 2 and a center axis 11 of the fuel 
injection valve 1 intersect to each other, and an 
intersecting point 9 (or an extension center) at which a 
fuel spray centerline 4 of the upper nozzle hole 3 and the 
center axis 11 of the fuel injection valve 1 intersect to 
each other, are set to separate from each other by an 
interval "L". 

Provided that the distance from an intersecting 
point 40 at which the fuel spray centerline 5 and a, top 
face 15 intersect to each other, to the intersecting point 
10, is Li, and provided that the diameter of the lower 
nozzle hole 2 is Di, then Li and Di satisfy the following 
equation (1) : 
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Li/Di=150~250 (i.e. from 150 to 250) (1) 

Also, provided that the distance from an 
intersecting point 41 at which the fuel spray centerline 4 
and the top face 15 intersect to each other, to the 
5 intersecting point 9, is La, and provided that the diameter 
of the upper nozzle hole 3 is D2, then L2 and D2 satisfy the 
following equation (2) : 

L2/D2=300~400 (i.e. from 300 to 400) (2) 
When the piston 14 moves upward and its 

10 compression stroke starts, and when the piston 14 is 
positioned near its TDC (Top Dead Center) shown in FIG. 1, 
the valve body 6 is moved away from the valve seat 7 by an 
unshown drive means. Then, the fuel 8 (FIG. 4) is injected 
into the combustion chamber 16, as fuel spray 13, from the 

15 lower nozzle holes 2; and the fuel 8 is injected into the 
combustion chamber 16, as fuel spray 12, from the upper 
nozzle holes 3. 

The fuel spray 13 is diffused smoothly along the 
top face of the elevation part 19 of the piston 14. Also, 

20 the fuel sprays 12 and 13 do not cross (or overlap) one 
another in the combustion chamber 16. Therefore, a thicker 
region of fuel is not formed inside the combustion chamber 
16, and the fuel combusts in a good condition. 

FIG. 3 is a diagrammatically cross-sectional view 

25 of the fuel injection valve 20 of the diesel engine into 
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which the invention defined in claim 2 is embodied- The 
piston 29 shown in FIG. 3 is in the TDC, where a top 
clearance is set as a gap (or interval) "X". 

The cylinder head 33 is provided with an air 
5 intake passage 34 and an exhaust passage 35. The air 
intake passage 34 has an air intake valve 25, and the 
exhaust passage 35 has an exhaust valve 26. When the air 
intake valve 25 is opened, air (or compressed air which is 
supplied by an unshown supercharger) is supplied to the 

10 combustion chamber 36 through the air intake passage 34. 

Meanwhile, when the exhaust valve 2 6 is opened, combustion 
gas (or exhaust gas) in the combustion chamber 3 6 is 
discharged through the exhaust passage 35. In FIG. 3, for 
convenience sake in explanation, the air intake valve 25 

15 and the exhaust valve 2 6 are shown in the same cross 
section. Although FIG. 3 shows a state in which the 
exhaust valve 2 6 is opened and the fuel is being injected 
therein, this is also for convenience sake in explanation 
of a gap (or interval) "Y" which is described later. 

20 If the top clearance "X" is not secured fully, 

when the exhaust valve 2 6 (as well as the air intake valve 
25) at time of overlap is opened, there is a possibility 
that the exhaust valve 2 6 may collide with the top face (or 
top surface) of the piston 29. In order to avoid the 

25 collision of the exhaust valve 2 6 and the top face thereof 
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with each other, the conventional piston has been provided 
with a valve recess. In case that the piston 29 is 
provided with the valve recess, however, the upper limit of 
an oil gallery 30 for cooling down the top face 32 at high 
5 temperature is restricted, and the wall thickness of part 
other than that of the valve recess becomes larger. As a 
result, the cooling capability of the top face 32 is 
deteriorated, and the thermal loading of the top face 32 is 
increased. 

10 Meanwhile, according to the invention defined in 

claim 2, the gap "X" is secured as the top clearance. 
Namely, the gap "Y" is ensured between the exhaust valve 2 6 
(as well as the air intake valve 25) which is opened and 
the top face 32 of the piston 29, and therefore there is no 

15 possibility that both of them collide with each other. 

Consequently, there is no need of provision of the valve 
recess. With the construction, the oil gallery 30 can be 
provided so as to realize a better cooling capability of 
the top face 32, thereby decreasing the thermal loading of 

20 the top face 32 effectively. 

The construction of the fuel injection valve 20 
is almost the same as that of the fuel injection valve 1 
shown in FIG. 1. The fuel spray 27 is injected therein 
from the lower nozzle hole 21 along a fuel spray centerline 

25 23 as a center, and the fuel spray. 28 is injected therein 
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from the upper nozzle hole 22 along a fuel spray centerline 
24 as a center. The fuel spray 27 is diffused smoothly 
along the top face of an elevation part 39 of the piston 29* 
The fuel sprays 27 and 28 do not mix one another 
5 inside the combustion chamber 36. The fuel spray 

centerline 24 is set to be within an open part 18 of the 
shallow dish type combustion chamber (i.e. concave) which 
is formed on the top face 32 of the piston 2 9 at the TDC 
position. Here, the angle formed between the centerline 37 

10 of the fuel injection valve 20 and the fuel spray 
centerline 24 is defined as a fuel valve nozzle hole angle 
r4, and the angle formed between the centerline 37 thereof 
and the fuel spray centerline 23 is defined as a fuel valve 
nozzle hole angle rs- 

15 The fuel valve nozzle hole angle is set so 

that the fuel spray centerline 24 is within the open part 
18. Thereby, before the fuel spray at high temperature 
reaches the piston 29, the fuel spray is prevented from 
reaching a lower surface of the cylinder head 33 directly, 

20 or from reaching an inner wall surface of a cylinder liner 
31 directly. As a result, the increase in temperature of 
the cylinder head 33 and the cylinder liner 31 is 
restricted. Accordingly, the reliability of the cylinder 
head 33 and the cylinder liner 31 is enhanced, and it is 

25 possible to maintain the diesel engine in good condition. 
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On the other hand, the top face 32 of the piston 2 9 which 
the fuel spray at high temperature reaches, is properly 
cooled down by oil inside the oil gallery 30. 

Also, the fuel valve nozzle hole angle rs is set 
5 so that the fuel, spray 27 injected from the lower nozzle 
hole 21 is diffused smoothly along the bottom surface of 
the combustion chamber 36 (i.e. along the bottom surface of 
the piston 29 forming the shallow dish type combustion 
chamber) , and so that the fuel sprays 27 and 2 8 do not 

10 cross one another. 

The fuel valve nozzle hole angle rs is varied in 
view of the depth "H" of the combustion chamber and the top 
clearance. However, if the fuel valve nozzle hole angle r5 
is set so that the diameter Dz of the nozzle hole and the 

15 interval L2 satisfy the aforementioned equation (2), it is 
possible to prevent the fuel spray 27 from colliding with 
the bottom surface of the combustion chamber 36 and from 
sticking (or adhering) thereto. Also, with the angle rs, 
it is possible to make the fuel spray 27 diffuse smoothly 

20 by collision against the bottom surface of the combustion 
chamber 36. 

By satisfying the aforementioned equations (1) 
and (2), and by setting the fuel valve nozzle hole angle , rs 
of the lower nozzle hole 21 to be equal ' to or less than 
25 60° , the color of the exhaust gas is maintained in good 
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condition, as shown in FIG. 7. 

If showing the settings of the lower nozzle hole 
21 (2) and the upper nozzle hole 22(3) as one example, it 
would be as follows. Namely, if the bore diameter of the 
lower nozzle hole 21 is set to be 0.25-0.40inm and the fuel 
valve nozzle hole angle rs is set to be 60-70° , the bore 
diameter of the upper nozzle hole 22 can be 0.10-0. 25mm and 
the fuel valve nozzle hole angle can be approximately 
75-85° , where the ratio of the number of the upper nozzle 
holes to the number of the lower nozzle holes is equal to 
1/2. 

In case that the valve recess is provided therein, 
it is almost impossible to make the thickness of the upper 
circumferential part of the piston 29 uniform, thus 
difficult to cool down the part thereof evenly. Therefore, 
in contrast with a case in which the valve recess is not 
provided therein, the bias of thermal loading is easy to 
occur, and the intensity of the piston is decreased owning 
to its high temperature. But, if the top clearance (i.e. 
gap "X") is secured originally, there is no need of 
providing the valve recess. Therefore, the bias of thermal 
loading of the piston 29 does not occur, and therefore it 
is possible to constitute the piston 29 which has a high 
reliability and is stable in intensity. 

If the number of the upper nozzle holes 22 (3) is 



set to be smaller than that of the lower nozzle holes 21 
(2) , as shown in FIG- 5, where both of them are arranged in 
a staggered form (in an imperfect staggered form) , the fuel 
sprays tend not to cross (or overlap) one another, and it 
is desirable. However, as far as the fuel sprays are 
evenly (or uniformly) mixed with air and a uniform 
combustion of the fuel . sprays therein is realized while the 
fuel sprays 12, 13 (FIG. 1) or 27, 28 (FIG. 3) do not cross 
each other, it is possible to make the number of the upper 
nozzle holes equal to that of the lower nozzle holes, and 
to make both of them be arranged in a perfect staggered 
form. 

According to the present invention (invention 
defined in each of claims 1-7), by setting the upper nozzle 
holes 22 (3) and the lower nozzle holes 21 (2) as explained 
above, it is possible to reduce the amount of fuel 
consumption by 5-10% while the amount of generated NOx 
included in the exhaust gas is kept constant, in comparison 
with the conventional diesel engine, as shown in a graph of 
FIG. 6. 

Also, if the ratio of the total area of only the 
lower nozzle holes 2 (21) with respect to the total area 
derived from the sum of the total area of the upper nozzle 
holes 3 (22) and the total area of the lower nozzle holes 2 
(21) is within a region between 70-90%, it is to be noted 
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that both of the fuel consumption and the exhaust color are 
maintained in good condition, as shown in FIG. 8. 

FIG. 5 shows a case that the number of the lower 
nozzle holes 2 is eight, and that the number of the upper 
5 nozzle holes 3 is 4. However, if it is possible to set the 
nozzle holes so' that the fuel sprays 12, 13 injected 
therein from the nozzle holes do not cross one another in 
the combustion chamber 16, there is no limitation to the 
number of the nozzle holes. Incidentally, in the diesel 

10 engine provided with the shallow dish type combustion 
chamber 16, it is preferable to set the number of the lower 
nozzle holes 2 to be larger than the number of the upper 
nozzle holes 3, because the exhaust color is maintained in 
good condition and at the same time the fuel consumption is 

15 reduced. 

Industrial Applicability 

The present invention can apply to the diesel 
engine which has a combustion chamber in a form of a 
shallow dish on the top face of the piston. 
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